ノード機能喪失対策費用投入ゲームとネットワーク形成ゲームに関する一考察 by 宇野木 広樹
熊本学園大学　機関リポジトリ
ノード機能喪失対策費用投入ゲームとネットワーク
形成ゲームに関する一考察
著者 宇野木 広樹
雑誌名 産業経営研究
号 35
ページ 1-21
発行年 2016-03-31
URL http://id.nii.ac.jp/1113/00000758/

	


	

	

	

	

	

	
	
	
	
	

	

	

	

	

	


	

	

	

	

	

	

	

	

	

	

	


	


	


	

	

	


	

	

	

	

	

	

	

	

	

       	
	
	

	

	

	
	
	
	

	
	
	



	
 
	
	

	

	
	



	

	


	

	

	


	

	

	

	

	

	

	

	

	

	

	

	
	
	

	


	


	


	

	

	



	



	

	

	

	

	

	
	
	

	

	
	

	

	

	

	

	


	

	

	

	
	

	
	

	

	


	
	

	

	

	
	
	

	

	
	

	

	

	

	
	

	
	

	

	

	

	

	

	

	

	

	
	
	

	

	

	

	

	

	

	

	

	

	

	

	



	


	

	


	

	
	
	

	

	

	

	

	


	

	

	

	

	

	

	


	

	
	

	

	

	

	

	

	


	

	

	



	

	

	

	


	

	

	
	
	

	

	

	

	
	

	
 


	

	

	
 	

	


	

	


 






 



	

	

		
	

	

	

	


	

	

 
	

	

	

	



	





	

	

	

	

	

	


	


	

	

 	
	

	

	

	


	 	


	

  	

	

	



	

 
	
	



	

	

	

a
zg
a
zg { }zn Czzzz gggg ,,, 21 K=
a
zg
a
zg
a
zg
a
zg
a
zg
a
zg
a
zg
	

	


	
 


	

 	

	
 
	

	



 	
	



	


	

	

	
 
	

   
   
	

	


	

	

 	


	

a
zg
a
zg
a
zg
[ ]1,0∈iα ( ) 10 ≤=αα i ( ) 0≥=αα si =′ ii ddαα
0<ids 0
22 >=′′ iii dsd αα −∞=′
→ isi
α
0
lim 0lim =′
→ issi
α
a
zg
a
zg
( )
( )
( )
( )
.1, ∏∏
∈∈
−=
a
z
a
z gIy
y
gZx
x
a
z sgP αα
a
zg



	
	 !"	

	

	 !"#$%&
	

 !"	#$%
	
	
	
	
	

	
 



( )[ ] 11lim 2
0
1
0
>−′−∑
−
=
−−
→
n
z
ii
znz
is
w
i
ααα
 


	

	

	

	

	
 
	

	

	

	

	


	

	

	

	

	
	

	
	
	

	

	

	

	

	
	
	

	




	

 
 	

( )ggB azi
( )
( )
( ).
;
ggVw
wwggB
a
ziii
giNj
ijii
a
zi
a
z
+=
+= ∑
∈
( )ggV azi
a
zg
a
zg
a
zg
a
zg
a
zg
( ) { }( ) ( )[ ]
( )
.,,
1
0 ;
C
1
,
1
∑ ∑∑
−
= ∈=
−−=
−n
z giNj
iji
a
a
zi
a
izi
d
zn
csggBsgPsgU
{ }
a
izg ,
	

	


	
 
	

 	

	

	


	

	

	

	

	

	

  
	

	

	

		

	


	
	

	

 	

	

	

	

  
 
	
 
( )
∑
∈ giNj
ij
d
c
;
( ) ( ).,
1
∑
=
=
n
i
i sgUsg,W
{ } { }
a
jjiiz ek
g ,, ,,,, 1 LL −1
{ }( ) {}igZ a jiz ∪,, { }( ) {}igI a jiz \,,
{ } { }
a
ijzg −+ ,,1ˆ
{ }
a
jizg ,,
	



	
 !"#$%&'
	
	



 	
	
	


	
	


	

	
	

  
 
	

	

	


	
	
	
	
	

	

	

	

	

	

	
	

	

		

	


	

	


	

	

{ } { }
a
ijzg −+ ,,1ˆ
{ }( ) ( )
{ }( )
( )
{ }( ) { }
{ } { }( )
{ }( )
( )
{ }( ) { }
.1,ˆ
,11,
\
,,1
\
,,
,,,,
,,,,
∏∏
∏∏
∈∈
−+
∈∈
−=
−−=
igIy
y
gZx
xi
a
ijz
igIy
y
gZx
xi
a
jiz
a
jiz
a
jiz
a
jiz
a
jiz
sgP
sgP
ααα
ααα
( )
0
,2
>
∂∂
∂
ji
i
ss
sgU ( ) 0,2
2
<
∂
∂
j
i
s
sgU
( ) 0,2 >∂∂∂ jii sssgU
	

	
	

	

	

	

	


	



	

	
	


	

 
 
	

 	

	


  
	

	


 	

( )( ) { } ( )( )
{ }( )
{ }( )
( )
{ }( ) { }
{ }( ) .11
1
,,,
1
0
C
1
,
\
1
0
C
1
,
,
1
,,
1
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′−=
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
∂
∂
=
∂
∂
∑ ∑ ∏∏
∑ ∑
−
= = ∈∈
−
= =
−−
−
−
n
z a
a
izi
igIy
y
gZx
xi
n
z a
a
izi
i
ii
a
iz
i
iii
zn
a
iz
a
iz
zn
ggB
ggB
s
ssgP
s
ssg,U
ααα
{ }( )
( )
{ }( ) { }
{ }( ) .11
1
0
C
1
,
\
1
,,
=
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−∑ ∑ ∏∏
−
= = ∈∈
−n
z a
a
izi
igIy
y
gZx
xi
zn
a
iz
a
iz
ggBααα
( )∗∗∗= n1 sss ,  ,K
( )∗∗∗= n1 sss ,  ,K
( ) ( )
.0
  
=
∂
∂
=
∂
∂
∗
∗
∗
∗
j
j
i
i
s
sg,U
s
sg,U
( )EnE1E sss ,  ,K=


  
	

 
	

 	
	

	

	

	

	

	

 	

	

	

	

	


	

	

	

	

	

	
	
	

	

	

	


	

( ) ( )
.0
  
=
∂
∂
=
∂
∂
E
j
E
E
i
E
s
sg,W
s
sg,W
 ( ) ( )
{ }
( ) ( )
{ }
.
    
\\
∑∑
∈∈
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
∂
∂
+
∂
∂
=⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
∂
∂
+
∂
∂
jN
E
j
E
E
j
E
j
iN
E
i
E
E
i
E
i
s
sg,U
s
sg,U
s
sg,U
s
sg,U
τ
τ
ε
ε
( )EnE1E sss ,  ,K=
( )EnE1E sss ,  ,K=
( ) ( )
{ }
0
  
\
=⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
∂
∂
+
∂
∂ ∑
∈ iN
E
i
E
E
i
E
i
s
sg,U
s
sg,U
ε
ε
 
 	

	 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


 
	

 
  
  
 
	

	

	

	

	

	

	
( ) 0 >∂∂ ij ssg,U
( )( )
{ }
0 
\
>∂∂∑
∈ iNj
E
i
E
j ssg,U
( ) 0 <∂∂ EiEi ssg,U
{ }( ) {} { }( ) { }jgIigI a jza iz \\ ,, =
{ }( ) {} { }( ) { }jgZigZ a jza iz \\ ,, = { }a izg ,
{ }
a
jzg , { }( ) { }( )ggBggB a jzja izi ,, ≥
( ) ( )gjNgiN ;; ⊇
	



	
	

	


	

 
 
  
 
	


	

	

	

	

	

	

	



 
 
  
 
	

 
	

	

	

	

	

	

	

	

	
		
	

{ }( ) {} { }( ) { }jgIigI a jza iz \\ ,, =
{ }( ) {} { }( ) { }jgZigZ a jza iz \\ ,, =
{ }
a
izg , { }
a
jzg ,
{ }( ) { }( )ggBggB a jzja izi ,, ≥
∗∗ ≥ ji ss
{ }( ) {} { }( ) { }jgIigI a jza iz \\ ,, =
{ }( ) {} { }( ) { }jgZigZ a jza iz \\ ,, =
{ }
a
izg , { }
a
jzg ,
{ }( ) { }( )ggBggB a jzja izi ,, ≥
E
j
E
i ss ≥
	

	



  
	  
	

	


 	

 	


	

	


	

	
	
	

	

	

	



	


	

	

	

	



	

	

	

 	

	

( ) ( )sggUsggU iiiiii ,, −− ⊕′≥⊕


	

	

	

	

	

	
  


	




	




 
	


	

	

	

	
	
	
	
	
	

	

	

	

	

	

	

	

( )( )
{ }( )
( )
{ }( ) { }
cw
n
z a jigIy
ijy
gZx
xjiNji
zn
a
jiz
a
jiz
<
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−−∑ ∑ ∏∏
−
= = ∈∈
∈
−2
0
C
1 ,\
,
2
,,,,
111max αααα
{ } { } { }
( )[ ] cwsgPn
z a
kj
a
ikjziNkj
zn
<
⎭
⎬
⎫
⎩
⎨
⎧
∑ ∑
−
= =
−∈
−2
1
C
1
,,,\,
2
,max
{ } { }
( ) { }( )[ ]
⎭
⎬
⎫
⎩
⎨
⎧
< ∑ ∑
−
= =
∈
−2
0
C
1
,,,,\,
2
,min
n
z a
sa
jizi
a
jiziNkj
zn
ggBsgP
{ }( )
( )
{ }( )
∑ ∑ ∏∏
−
−= = ∈∈
∈
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−<
2
3
C
1,
2
,,,,
1min
n
nz a gIy
jiy
gZx
xNji
zn
a
jiz
a
jiz
wc αα
	

	


	

	
	
	

	

	

	

	

	

	

	




	



 
	

	

	

	

	

	

	

	

	

	

	

	

	
	
	
	

	

{ }
{ }( )
( )
{ }( ){ }( )
cwww
n
z a gIy gIk
kjijjiy
gZx
xiNkj
zn
a
jiz
a
jiz
a
jiz
<
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
++−∑ ∑ ∏ ∑∏
−
= = ∈ ∈∈
∈
−2
0
C
1\,
2
,, ,,,,
1max αα
{ }
( )( )
{ }
⎥
⎦
⎤
⎢
⎣
⎡
+−< ∏∏
∈∈
∈ jiy
jiijy
jiNx
xNji
wwc
,,\,
1min αα
	


	

	

	

	

	



	

	


	

	

	

	

	

	
	
	

	

	

	

	

	

	

	

	

	
	

	

	

	


	


	


	


	

	

	

	

	

	

	






	
	


	

	


	
	


	

	


	
			


	
			

	
					
	
	
		


		
	
	

	
	
	
	
	
	

	
			
	
	

	
		

	
			
	
	

	

		
	
	


	

		


	
	
	
	





	

	


	
	
	
	
	
	


		
	

	
	
			
	

	
	

	


	
	

	
	
	
	
		


	

	

	






	


( ) ( )( )
{ }( )
( )
{ }( ) { } { }( )
{ } { }( ) { }
( )
{ } { }( ) { } { } { }( )
∑ ∑ ∑∏∏
∑ ∑ ∑∏∏
−
= = ∈∈∈
−
= = ∈∈∈
−−
−−−
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′−+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′−′−=
∂∂
∂
1
1
C
1 ;\\
2
0
C
1 ;,\
2
12
,,,,,,
2
,,,,,,
1
1
,
n
z a giNk
ikii
igIy
y
jgZx
xji
n
z a giNk
ikii
jigIy
y
gZx
xji
ji
i
zn
a
jiz
a
jiz
a
jiz
zn
a
jiz
a
jiz
a
jiz
ww
ww
ss
sgU
αααα
αααα
{ }( )
( )
{ }( ) { } { }( )
( )
{ } { }( ) { }
( )
{ } { }( ) { } { } { }( )
∑ ∑ ∑∏∏
∑ ∑ ∑∏∏
−
= = ∈∈∈
−
= = ∈∈∈
−
−+−+−+
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′=
2
0
C
1 ˆ;\ˆ\ˆ
2
0
C
1 ;,\
2
,,1,,1,,1
2
,,,,,,
1
1
n
z a giNk
ikii
igIy
y
jgZx
xji
n
z a giNk
ikii
jigIy
y
gZx
xji
zn
a
jiz
a
jiz
a
jiz
zn
a
jiz
a
jiz
a
jiz
wws
ww
αααα
αααα
( )
{ } { }( ) { }
( )
{ } { }( ) { } { }( ) { } { }( )
{ }( ) { }( )
0
1
1
,,2
1
,,2
2
,,1,,,,1,,1
;
3
0
C
1 ˆ;;\ˆ\ˆ
>
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+′′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′=
∑∏
∑ ∑ ∑∑∏∏
−−
−
−+−+−+
∈∈
−
= = ∈∈∈∈
jinjin
zn
a
jiz
a
jiz
a
jiz
a
jiz
giNk
ikii
gZx
xji
n
z a giNk
ik
giNk
ik
igIy
y
jgZx
xji
ww
wws
ααα
αααα
( ) ( )
{ }( )
( )
{ }( ) { } { }( )
{ } { }( ) { }
( )
{ } { }( ) { } { }( )
∑ ∑ ∑∏∏
∑ ∑ ∑∏∏
−
= = ∈∈∈
−
= = ∈∈∈
−−
−−−
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′−=
∂
∂
1
1
C
1 ;\
2
0
C
1 ;\
2
2
12
,,,,,,
2
,,,,,,
1
1,
n
z a giNk
ikii
gIy
y
jgZx
xj
n
z a giNk
ikii
jgIy
y
gZx
xj
j
i
zn
a
jiz
a
jiz
a
jiz
zn
a
jiz
a
jiz
a
jiz
ww
ww
s
sgU
ααα
ααα
( )
{ }( )
( )
{ }( ) { } { }( )
( )
{ } { }( ) { }
( )
{ } { }( ) { } { }( )
∑ ∑ ∑∏∏
∑ ∑ ∑∏∏
−
= = ∈∈∈
−
= = ∈∈∈
−
−+−+−+
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′−=
2
0
C
1 ˆ;ˆ\ˆ
2
0
C
1 ;\
2
,,1,,1,,1
2
,,,,,,
1
1
n
z a giNk
ikii
gIy
y
jgZx
xj
n
z a giNk
ikii
jgIy
y
gZx
xj
zn
a
jiz
a
jiz
a
jiz
zn
a
jiz
a
jiz
a
jiz
wws
ww
ααα
ααα
( )
{ } { }( ) { }
( )
{ } { }( ) { } { } { }( ) { }( )
{ }( ) { }( )
0
1
1
,,2
1
,,2
2
,,,,1,,1,,1
;
3
0
C
1 ;ˆ;\ˆ\ˆ
<⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+′′−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
−′′=
∑∏
∑ ∑ ∑∑∏∏
−−
−
−+−+−+
∈∈
−
= = ∈∈∈∈
jinjin
zn
a
jiz
a
jiz
a
jiz
a
jiz
giNk
ikii
gZx
xj
n
z a giNk
ik
giNk
ik
igIy
y
jgZx
xj
ww
wws
αα
ααα
	

	

 
	

( ) ii ssg,U ∂∂  
 


	
	

	

	
 
	


 

	

	

 	

 
	
	
( ) 0 >∂∂ ii ssg,U
( ) 0,2 >∂∂∂ jii sssgU
	

	

	
	
	
			
	


 

	

 


( )( )( ) ( )( ) ( ) ( )( )i-ii-ii-i sy,g,Usx,g,Us,y-xg,U λλλλ −+>+ 11
{ } ( )( )( ) { } ( )( ) ( ) { } ( )( ) 0,,1,,1, ,,, >−−−+ −− ia izia izi-a iz sygPsxgPs,y-xgP λλλλ

	
	
 
 	
	

	

	

	

 
 
 ( )ikiii xxx ,,1 K=
[ ]iii yyS ,=
02 ≥∂∂∂ ti
s
ii xxf
02 ≥∂∂∂ tj
s
ii xxf
( ) ( )
( ) ( ) ( ) ( )
.0
,,,,
,,
2
1
1
2
1
1
2
1
1
2
:1
2
>
∂∂
∂
++
∂∂
∂
+
∂∂
∂
++
∂∂
∂
=
∂∂
∂
=⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
∂
∂
+
+
−
−
≠=
∑
n
in
i
i
ii
i
i
ii
i
i
i
n
ijj
j
ij
i
i
i
ds
ss
sgUds
ss
sgUds
ss
sgUds
ss
sgU
ds
ss
sgU
s
sgUd
LL
  	

{ } ( )( )iia iz ssgP −,,,
( )( )( ) ( )( ) ( ) ( )( )
{ }( ) { } ( )( )( ) { } ( )( ) ( ) { } ( )( )[ ]{ }.,,1,,1,
11
1
0
C
1
,,,,
1
∑ ∑
−
= =
−−
−
−−−+=
−−−+
n
z a
i
a
izi
a
izi-
a
iz
a
izi
i-ii-ii-i
zn
sygPsxgPs,y-xgPhgB
sy,g,Usx,g,Us,y-xg,U
λλλλ
λλλλ
	
	
	

	

	

	



 

 
	

 	

	

 	

	


( )EnE1E sss ,  ,K=
( )∗∗∗= EnE1E sss ,  ,K
( )∗∗∗= EnE1E sss ,  ,K
 

	


 

( )∗∗∗= EnE1E sss ,  ,K
( ) ( )
0
  
=
∂
∂
=
∂
∂
∗
∗
∗
∗
E
j
E
j
E
i
E
i
s
sg,U
s
sg,U ,
( )
{ }
( )
{ }
0  
\\
=⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
∂
∂
=⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
∂
∂ ∑∑
∈
∗
∗
∈
∗
∗
jN
E
j
E
iN
E
i
E
s
sg,U
s
sg,U
τ
τ
ε
ε
( ) ij ssg,U ∂∂  
	

	


	

 
 	
	


	

  
	

	

	

( ) 0 =∂∂ ∗∗ EiEi ssg,U
( )( )
{ }
0 
\
=∂∂∑
∈
∗∗
iNj
E
i
E
j ssg,U
( ) 0 >∂∂ ij ssg,U ( )( )
{ }
0 
\
>∂∂∑
∈ iNj
ij ssg,U
	

 
	

	
		


	
 
	
	
 
 
 
	
 
∉
{ }( ) iia kini wggB =− ,,2
{ }( ) kjjja kjnj wwggB +=− ,,2
{ }( ) { }( )ggBggB a kinia kini ,,2,,2 −− <
( )
{ }( )
( )
{ }( ) { }
{ }( )
{ } { }( ) { }
( )
{ } { }( )
{ } { }( )∑ ∑ ∏∏
∑ ∑ ∏∏
−
= =
−
∈∈
−
= = ∈∈
−−
−−
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−=
∂
∂
1
1
C
1
,,
\
2
0
C
1
,,
\
12
,,,,
2
,,,,
.1
1
 
n
z a
a
ijzj
gIy
y
igZx
xi
n
z a
a
jizj
igIy
y
gZx
xi
i
j
zn
a
ijz
a
ijz
zn
a
jiz
a
jiz
ggB
ggB
s
sg,U
ααα
ααα
{ }( )
( )
{ }( ) { }
{ } { }( ) { }( )[ ] .0ˆ1
2
0
C
1
,,,,1
\
2
,,,,
∑ ∑ ∏∏
−
= =
−+
∈∈
−
≥
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−′=
n
z a
a
jizj
a
ijzj
igIy
y
gZx
xi
zn
a
jiz
a
jiz
ggBggBααα
{ }( )
( )
{ }( ) { }
{ }( )
{ } { }( ) { }
( )
{ } { }( )
{ } { }( )ˆ1
1
2
0
C
1
,,1
ˆ\ˆ
2
0
C
1
,,
\
2
,,1,,1
2
,,,,
∑ ∑ ∏∏
∑ ∑ ∏∏
−
= =
−+
∈∈
−
= = ∈∈
−
−+−+
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−=
n
z a
a
ijzj
gIy
y
igZx
xi
n
z a
a
jizj
igIy
y
gZx
xi
zn
a
ijz
a
ijz
zn
a
jiz
a
jiz
ggB
ggB
ααα
ααα
 



 
 
  
{ }( ) {} { }( ) { }jgIigI a jza iz \\ ,, =
{ }( ) {} { }( ) { }jgZigZ a jza iz \\ ,, =
{ }
a
izg , { }
a
jzg ,
 	
	
	
	

{ }( ) { }( )ggBggB a jzja izi ,, ≥
 
	

{ }( ) { }( )ggBggB a jzja izi ,, >
{ }( )
( ) { }( )
{ }( ) { }
.1 1
1
0
C
1 \
,
1
,,
−=
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−∑ ∑ ∏∏
−
= = ∈∈
−n
z a igIy
a
iziy
gZx
xi
zn
a
iz
a
iz
ggBααα  
{ }( )
( ) { }( )
{ }( ) { }
.11
1
0
C
1 \
,
1
,,
−=
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−∑ ∑ ∏∏
−
= = ∈∈
−n
z a jgIy
a
jzjy
gZx
xj
zn
a
jz
a
jz
ggBααα  
	

( )
{ }( )
( ) { }( )
{ }( ) { }
{ } { }( ) { }
( ) { } { }( )
{ } { }( ) { }
( )
{ }( )
( ) { }( )
{ }( ) { }
{ } { }( ) { }
( ) { } { }( )
{ } { }( ) { }
.1
11
1
11
1
1
C
1 \
,,
\
2
0
C
1 ,\
,,
1
1
C
1 \
,,
\
2
0
C
1 ,\
,,
12
,,,,
2
,,,,
12
,,,,
2
,,,,
∑ ∑ ∏∏
∑ ∑ ∏∏
∑ ∑ ∏∏
∑ ∑ ∏∏
−
= = ∈
−
∈
−
= = ∈∈
−
= = ∈
−
∈
−
= = ∈∈
−−
−−
−
−−
−−
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−′−=
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−′−
n
z a jgIy
a
ijzjy
igZx
xij
n
z a jigIy
a
jizjy
gZx
xij
n
z a igIy
a
jiziy
jgZx
xji
n
z a jihIy
a
jiziy
gZx
xji
zn
a
ijz
a
ijz
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
ggB
ggB
ggB
ggB
αααα
αααα
αααα
αααα
{ }( )
( )
{ }( ) { }
( ) { }( ) ( ) { }( )[ ]}
{ } { }( ) { }
( )
{ } { }( ) { }
{ } { }( ) { } { }( )[ ]} .0
1
11
 1
,,,,
1
1
C
1 \\
,,,,
2
0
C
1 ,\
12
,,,,
2
,,,,
=′+′−
⎪⎩
⎪
⎨
⎧
−+
−′+−′−
⎪⎩
⎪
⎨
⎧
−
−−
−
= = ∈∈
−
= = ∈∈
∑ ∑ ∏∏
∑ ∑ ∏∏
−−
−−
−
ggBggB
ggBggB
a
ijzjij
a
jiziji
n
z a igIy
y
jgZx
x
a
jizjij
a
jiziji
n
z a jigIy
y
gZx
x
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
αααα
αα
αααα
αα
	

	


	

{ }( )
( )
{ }( ) { }
( ) { }( ) ( ) { }( )[ ]}
{ } { }( ) { }
( )
{ } { }( ) { }
{ } { }( ) { } { }( )[ ]} .0ˆˆ
1
 11
1
,,1,,1
2
0
C
1 \ˆ\ˆ
,,,,
2
0
C
1 ,\
2
,,1,,1
2
,,,,
=′+′−
⎪⎩
⎪
⎨
⎧
−+
−′+−′−
⎪⎩
⎪
⎨
⎧
−
−+−+
−
= = ∈∈
−
= = ∈∈
∑ ∑ ∏∏
∑ ∑ ∏∏
−
−+−+
−
ggBggB
ggBggB
a
ijzjij
a
jiziji
n
z a igIy
y
jgZx
x
a
jizjij
a
jiziji
n
z a jigIy
y
gZx
x
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
αααα
αα
αααα
αα
{ }( )
( ) { }( ) { }( )[ ]
{ }( ) { }
0. 1
2
0
C
1 ,\
,,,,
2
,,,,
=
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
′+′−−∑ ∑ ∏∏
−
= = ∈∈
−n
z a jigIy
a
jizjj
a
jiziiy
gZx
x
zn
a
jiz
a
jiz
ggBggB αααα
 
	


 
{ }( ) { }( )ggBggB a jzja izi ,, >
 ∗∗ ≥ ji ss
	

 
	
	
	
	

 
 	

	
 
	

E
j
E
i ss =
E
j
E
i ss =
	

	
 ( ) ( ) EjEEiE ssg,Ussg,U ∂∂−∂∂   εε
( ) ( ) ( )
{ }
( )
{ }
.0
    
\\
=
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
∂
∂
−⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
∂
∂
+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
∂
∂
−
∂
∂ ∑∑
∈∈ jN
E
j
E
iN
E
i
E
E
j
E
j
E
i
E
i
s
sg,U
s
sg,U
s
sg,U
s
sg,U
τ
τ
ε
ε  
( ) ( )
( )
{ }( )
( ) { }( )
{ }( ) { }
( )
{ } { }( ) { }
( ) { } { }( )
{ } { }( ) { }
( )
{ } { }( ) { }
( ) { } { }( )
{ } { }( ) { }
( )
{ } { }( ) { }
( ) { } { }( )
{ } { }( )
∑ ∑ ∏∏
∑ ∑ ∏∏
∑ ∑ ∏∏
∑ ∑ ∏∏
−
= = ∈
−
∈
−
= = ∈
−
∈
−
= = ∈
−
∈
−
= = ∈∈
−
−−
−
−−
−
−−
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′+′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−′−+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′+′−=
∂
∂
−
∂
∂
1
2
C
1
,,,
,\
1
1
C
1 \
,,,
\
1
1
C
1 \
,,,
\
1
0
C
1 ,\
,,,
1
,,,,,,
1
,,,,,,
1
,,,,,,
1
,,,,,,
1
1
1
 1
  
n
z a gIy
a
jizy
jigZx
xji
n
z a jgIy
a
ijzy
igZx
xji
n
z a igIy
a
jizy
jgZx
xji
n
z a jigIy
a
jizy
gZx
xji
E
j
E
i
zn
a
jiz
a
jiz
zn
a
ijz
a
ijz
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
ggB
ggB
ggB
ggB
s
sg,U
s
sg,U
εε
εε
εε
εε
εε
εε
εε
εε
εε
αααα
αααα
αααα
αααα


	

  
 
 
( )azgpˆ { } { }( ) {} { } { }( ) { }jgIigI a ijza jiz \\ ,,,,,, −− = εε
{ } { }( ) { }jgZ a jiz \,,, −ε { } { }( ) {}igZ a ijz \,,, −= ε
{ } { }( )
( )
{ } { }( )
∏∏
−− ∈∈
−
a
iiz
a
jiz gIy
y
gZx
x
,,,,,,
1
εε
αα
 	


E
j
E
i ss =
( ) ( )
( )
{ }( )
( ) { }( )
{ }( ) { }
( )
{ } { }( ) { }
( ) { } { }( )
{ } { }( ) { }
( )
{ } { }( ) { }
( ) { } { }( )
{ } { }( ) { }
( )
{ } { }( ) { }
( ) { } { }( )
{ } { }( )
∑ ∑ ∏∏
∑ ∑ ∏∏
∑ ∑ ∏∏
∑ ∑ ∏∏
−
= = ∈
−
∈
−
= = ∈
−
∈
−
= = ∈
−
∈
−
= = ∈∈
−
−−
−
−−
−
−−
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′+′+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′−′−+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−′+′−=
∂
∂
−
∂
∂
1
2
C
1
,,,
,\
1
1
C
1 \
,,,
\
1
1
C
1 \
,,,
\
1
0
C
1 ,\
,,,
1
,,,,,,
1
,,,,,,
1
,,,,,,
1
,,,,,,
1
1
1
 1
  
n
z a gIy
a
jizy
jigZx
xji
n
z a jgIy
a
ijzy
igZx
xji
n
z a igIy
a
jizy
jgZx
xji
n
z a jigIy
a
jizy
gZx
xji
E
j
E
i
zn
a
jiz
a
jiz
zn
a
ijz
a
ijz
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
ggB
ggB
ggB
ggB
s
sg,U
s
sg,U
εε
εε
εε
εε
εε
εε
εε
εε
εε
αααα
αααα
αααα
αααα
   
 
 
 
  
 
  
 	

 
  
 
{ } { }( )ggB a jiz −,,, εε { } { }( )ggB a ijz −,,, εε
{ } { }( )a jizj gl −,,, εε
{ } { }
a
jizg −,,, ε
{ } { }( ) { } { }( )ggVggV a jizia jiz −− = ,,,,,, εεε
{ }( ) {} { }( ) { }jgIigI a jza iz \\ ,, =
{ }( ) {} { }( ) { }jgZigZ a jza iz \\ ,, =
{ }
a
izg , { }
a
jzg ,
{ }( ) { }( )ggBggB a jzja izi ,, ≥
{ } { }( ) { } { }( )ggVggV a ijzja jizi −− ≥ ,,,,,, εε
{ } { }( )a ijzj gl −,,, εε { } { }a ijzg −,,, ε
{ } { }( ) { } { }( )ggVggV a ijzja ijz −− = ,,,,,, εεε
 	 
  
 
 	
 
	

	

 
 	
 
  
 	
 
{ } { }( )a jizj gl −,,, εε { } { }a jizg −,,, ε
{ } { }( )a ijzj gl −,,, εε { } { }a ijzg −,,, ε
{ } { }( ) { } { }( )ggVggV a ijza jiz −− ≥ ,,,,,, εεεε
{ } { }( )a ijzj gl −,,, εε { } { }a ijzg −,,, ε
{ } { }( ) { } { }( )ggVggV a ijzka ijz −− = ,,,,,, εεε
{ } { }( )a ijzj gl −,,, εε { } { }a ijzg −,,, ε
{ } { }( ) { }jgI a ijz \,,, −ε { } { }( ) {}igZ a ijz \,,, −ε
{ } { }( )a jizj gl −,,, εε { } { }a jizg −,,, ε
{ } { }( ) { } { }( )ggVggV a ijzka jiz −− ≥ ,,,,,, εεε
( ) ( ) ( ) { } { }( ) { } { }( )[ ]∑ ∑
−
= =
−−
−
′−′=
∂
∂
−
∂
∂ 1
1
C
1
,,,,,,
1
ˆ  
n
z a
a
jizj
a
ijzi
a
zE
j
E
i
zn
ggBggBgp
s
sg,U
s
sg,U
εεεε
εε αα
	


	

	

	

	

 
       	 
   
  
	
 
 	

	

	

 
 	
 	 
 	

	

	

 
	

 	

{ } { }( )a ijzj gl −,,, εε { } { }a ijzg −,,, ε
{ } { }( )a jizj gl −,,, εε { } { }a jizg −,,, ε
{ } { }
a
jizg −,,, ε
{ } { }( )a jizj gl −,,, εε
{ } { }( ) { } { }( )ggVggV a ijzka jiz −− ≥ ,,,,,, εεε
{ } { }( )a jizj gl −,,, εε
{ } { }
a
jizg −,,, ε { } { }( )a jizj gl −,,, εε
{ } { }
a
jizg −,,, ε
{ } { }( ) { } { }( )ggVggV a jizka jiz −− = ,,,,,, εεε
{ } { }( )a jizj gl −,,, εε
 	

  
 
 	


	

 	
	

	


 
 
	
 
 
	  
 

{ } { }( )a jizj gl −,,, εε { } { }a jizg −,,, ε
{ } { }( ) {}igI a jiz \,,, −ε { } { }( ) { }jgZ a jiz \,,, −ε
{ } { }
a
ijzg −,,, ε
{ } { }( )a ijzj gl −,,, εε
{ } { }( )a jizj gl −,,, εε
{ } { }( ) { } { }( )ggVggV a ijzka ijz −− = ,,,,,, εεε
{ } { }( ) { } { }( )ggVggV a ijza jiz −− = ,,,,,, εεεε
{ } { }( ) {} { } { }( ) { }jgIigI a ijza jiz \\ ,,,,,, −− = εε
{ } { }( ) {} { } { }( ) { }jgZigZ a ijza jiz \\ ,,,,,, −− = εε
{ } { }
a
jizg −,,, ε { } { }
a
ijzg −,,, ε
{ } { }( ) { } { }( )ggBggB a ijza jiz −− ≥ ,,,,,, εεεε
( ) ( ) ( ) { } { }( ) { } { }( )[ ] .0ˆ  
1
1
C
1
,,,,,,
1
≥′−′=
∂
∂
−
∂
∂ ∑ ∑
−
= =
−−
−n
z a
a
jizj
a
ijzi
a
zE
j
E
i
zn
ggBggBgp
s
sg,U
s
sg,U
εεεε
εε αα
 

 



 
( ) 0, 22 <∂∂ ji ssgU
( ) Eissg,U ∂∂  ε
	


	

	

	

( )( )
{ }( )
( )
{ }( ) { }
cw
n
z a jigIy
ijy
gZx
xjiNji
zn
a
jiz
a
jiz
<
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−−∑ ∑ ∏∏
−
= = ∈∈
∈
−2
0
C
1 ,\
,
2
,,,,
111max αααα  


 	

	

  

e
ig−
{ }mjjig ,,, 1 L 11 === mijij gg L
	


	

	
{ }( ) ( )
( )( )
{ }( )
( )
{ }( ) { }
. 111
,,
2
0
C
1 ,\
,
2
,,,,
cw
sgUsggU
n
z a jigIy
ijy
gZx
xji
e
i
e
ijii
zn
a
jiz
a
jiz
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−−=
−⊕
∑ ∑ ∏∏
−
= = ∈∈
∗∗
−
−
αααα
{ }( ) ( )
( )( )
{ }( )
( )
{ }( ) { }
( )( )
{ }( )
( )
{ }( ) { }
{ }( ) ( )[ ] { }( ) ( )[ ].,,,,
111
 111
,,
,,
2
0
C
1 ,\
2
0
C
1 ,\
,,,
1
2
,,,,
2
11,,
1
1,,
1
1
∗∗
−
∗∗
−
−
= = ∈∈
−
= = ∈∈
∗∗
−
−⊕++−⊕=
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−−++
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−−=
−⊕
∑ ∑ ∏∏
∑ ∑ ∏∏
−
−
sgUsggUsgUsggU
mcw
w
sgUsggU
e
i
e
ijii
e
i
e
ijii
n
z a jigIy
ijy
gZx
xji
n
z a jigIy
ijy
gZx
xji
e
i
e
ijjii
m
zn
m
a
mjiz
m
a
mjiz
n
zn
a
jiz
a
jiz
m
L
L
L
αααα
αααα
	

	
	
 
	

	
	
	

{ }( ) ( ) 0,,, <−⊕ ∗∗− sgUsggU eieijii

	

 
	


	

	

	

	
	
	

	

		

	

	

	

	

{ } { } { }
( )[ ]
{ } { }
( ) { }( )[ ]
⎭
⎬
⎫
⎩
⎨
⎧
<<
⎭
⎬
⎫
⎩
⎨
⎧
∑ ∑∑ ∑
−
= =
∈
−
= =
−∈
−− 2
0
C
1
,,,,\,
2
1
C
1
,,,\,
22
,min,max
n
z a
sa
jizi
a
jiziNkj
n
z a
kj
a
ikjziNkj
znzn
ggBsgPcwsgP  
{ }( )
( )
{ }( )
.1
2
0
C
1
2
,,,,
∑ ∑ ∏∏
−
= = ∈∈
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−
n
z a gIy
jiy
gZx
x
zn
a
jiz
a
jiz
wc αα
	
	


	


	

	

	

	

	


{ }
{ }( )
( )
{ }( ) ⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−< ∑ ∑ ∏∏
−
= = ∈∈
∈
−2
0
C
1\
2
,,,,
1min
n
z a gIy
jiy
gZx
xiNj
zn
a
jiz
a
jiz
wc αα  
{ } { }( )
( )
{ } { }( )
.1
2
1
C
1
2
,,,,,,
cw
n
z a gIy
kjy
gZx
x
zn
a
ikjz
a
ikjz
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−∑ ∑ ∏∏
−
= = ∈∈
−
−−
αα
	

	


{ }
{ } { }( )
( )
{ } { }( )
.1max
2
1
C
1\,
2
,,,,,,
cw
n
z a gIy
kjy
gZx
xiNkj
zn
a
ikjz
a
ikjz
<
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−∑ ∑ ∏∏
−
= = ∈∈
∈
−
−−
αα  
	
	
	

		

	


	

{ }( )
( )
{ }( ){ }( )
∑ ∑ ∏ ∑∏
−
= = ∈ ∈∈
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+−−
2
0
C
1
2
,, ,,,,
1
n
z a gIy gIk
kjijy
gZx
x
zn
a
jiz
a
jiz
a
jiz
wwc αα
{ }
{ }( )
( )
{ }( ){ }( ) ⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+−< ∑ ∑ ∏ ∑∏
−
= = ∈ ∈∈
∈
−2
0
C
1\,
2
,, ,,,,
1min
n
z a gIy gIk
kjijy
gZx
xiNkj
zn
a
jiz
a
jiz
a
jiz
wwc αα  
	


	

 
	


{ }( )
( )
{ }( )
.1min
2
3
C
1,
2
,,,,
∑ ∑ ∏∏
−
−= = ∈∈
∈
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−<
n
nz a gIy
jiy
gZx
xNji
zn
a
jiz
a
jiz
wc αα  
	

	

	

	



	

	

	

	

	


{ }( )
( )
{ }( )
.1
2
3
C
1
2
,,,,
∑ ∑ ∏∏
−
−= = ∈∈
−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−
n
nz a gIy
jiy
gZx
x
zn
a
jiz
a
jiz
wc αα
	
	

	


	

 
	


{ }
{ }( )
( )
{ }( ){ }( )
cwww
n
z a gIy gIk
kjijjiy
gZx
xiNkj
zn
a
jiz
a
jiz
a
jiz
<
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
++−∑ ∑ ∏ ∑∏
−
= = ∈ ∈∈
∈
−2
0
C
1\,
2
,, ,,,,
1max αα  
	

	

	

{ }( )
( )
{ }( ){ }( ) { }( )
( )
{ }( )
∑ ∑ ∏∏∑ ∑ ∏ ∑∏
−
= = ∈∈
−
= = ∈ ∈∈
−−
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−+
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
+−
2
0
C
1
2
0
C
1
2
,,,,
2
,, ,,,,
11
n
z a gIy
jiy
gZx
x
n
z a gIy gIk
kjijy
gZx
x
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
a
jiz
www αααα

	

	

	

	




	

	
	
	

	


	

	

	

 
	



{ }( )
( )
{ }( ){ }( )
cwww
n
z a gIy gIk
kjijjiy
gZx
x
zn
a
jiz
a
jiz
a
jiz
<
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
⎟
⎟
⎠
⎞
⎜
⎜
⎝
⎛
++−∑ ∑ ∏ ∑∏
−
= = ∈ ∈∈
−2
0
C
1
2
,, ,,,,
1 αα
	


	

	

	
	
	
	

	

	


	

	

	

{ }
( )( )
{ }
.1min
,,\,
⎥
⎦
⎤
⎢
⎣
⎡
+−< ∏∏
∈∈
∈ jiy
jiijy
jiNx
xNji
wwc αα  
( ) ( )
{ }( )
( )
{ }( )
{ }( )
( )
{ }( )
cw
wsijgWsgW
n
nz a gIy
ijy
gZx
x
n
nz a gIy
jiy
gZx
x
cc
zn
a
jiz
a
jiz
zn
a
jiz
a
jiz
−
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−−
⎪⎭
⎪
⎬
⎫
⎪⎩
⎪
⎨
⎧
⎥
⎥
⎦
⎤
⎢
⎢
⎣
⎡
−=−−
∑ ∑ ∏∏
∑ ∑ ∏∏
−
−= = ∈∈
−
−= = ∈∈
−
−
2
2
C
1
2
2
C
1
2
,,,,
2
,,,,
1
1,,
αα
αα


	

	

	

	

	

	


 
  
